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opening unified pods) docked at a loadport, that is a device 
for loading or unloading FOUPs . Usually, loadports are allo- 
cated at front -end process modules for wafer handling and 
loading and unloading process tools. 

The FOUP containing a semiconductor product also preserves 
the mini -environmental atmosphere around it and hence allows 
for air-tight transport of the semiconductor product within 
the outer cleanroom atmosphere of minor purity. The semicon- 
ductor product in the FOUP is transported to a second load^ 
port connected to a measuring tool, unloaded, subjected to 
the measurement, reloaded and transported to the loadport 
connected to the cluster tool in order to continue semicon- 
ductor processing. 

Due to this proceeding, semiconductor products to be measured 
have to be transported twice. In order to save time and ef- 
forts for transport, it would be possible to permanently com- 
bine the measurement device with the cluster tool . In this 
case, FOUP transport would not be required. However, this is 
not realized up to now because of several reasons: 

First, measurement devices are supplied by various engineer- 
ing companies. Each measurement device of any one of these 
companies would require high efforts for integration into and 
interaction with highly automated cluster tools. It is not 
profitable to spend time and costs for extending the cluster 
each time when any measurement device of one of the various 
suppliers is integrated. 

Second, such integration efforts would arise already in ad- 
vance already before testing the compatibility of a measure- 
ment device and a cluster tool - As the compatibility has to 
be proven before selecting a measurement device of a particu- 
lar supplier, the integration costs would add up to the costs 
of the devices chosen or, with respect to those devices not 
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Self-supporting adaptable metrology device 

5 The invention refers to a metrology device to be coupled to a 
semiconductor product handling and/or processing tool enclos- 
ing a mini -environmental atmosphere, the metrology device 
comprising a housing preserving an inner atmosphere, a cou- 
pling region for connecting the inner atmosphere to the mini- 
10 environmental atmosphere and measuring means for measuring a 
property of a semiconductor product . 

In the manufacture of semiconductor products, several process 
steps are performed by process tools which are, for instance, 

15 combined to cluster tools including one wafer handling tool. 
Within the cluster tools the semiconductor products are han- 
dled and processed within a mini -environment which is a 
cleanroom atmosphere of higher purity than the cleanroom at- 
mosphere accommodating operating personnel and the cluster 

20 tools. Due to the complexity of modern semiconductor product 
processing often requiring several hundreds of processing 
steps, intermediate control of processing results and physi- 
cal, chemical, or other properties of the semiconductor prod- 
ucts is necessary. Often the necessity of controlling such a 

25 property arises during semiconductor product processing. In 
any case, measurements have to be performed during or inter- 
rupting, respectively, a rather complex process routine. 

With view to the costs of running processing tools, it would 
30 be desirable to minimize the time of interruption caused by 
these measurements. However, due to the mini -environmental 
cleanroom requirements, the semiconductor products must not 
get into contact with the outer atmosphere surrounding the 
processing tools. 

35 

In order to preserve the mini -environmental atmosphere, wa- 
fers are intermediately stored in so-called FOUPs (front- 
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about 12 kg and approximately corresponds to the weight of a 
FOUP loaded with the maximum number of wafers allowed. 

When a metrology device is integrated in a FOUP, this maximum 
weight must not be exceeded because otherwise exact position- 
ing could not be granted so that a leakage of the sealing 
might accur. As a consequence, only lightweight metrology de- 
vices as sensors requiring few hardware and software equip- 
ment can be integrated into a FOUP. 



It is the object of the present invention to provide a me- 
trology device which, regardless of its dimensions or weight, 
can rapidly be coupled to a semiconductor product handling 
and/or processing tool with very little effort and which 
15 grants for comparable leakage prevention during coupling and 
decoupling as the lightweight FOUP does. 

According to the invention, this object is achieved by a me- 
trology device constructed comprising a support which is mov- 
2 0 able on a ground by transport means and which is dimensioned 
such that the metrology device is self-supporting in a posi- 
tion appropriate for quick coupling of the coupling region to 
the tool . 

25 The general idea underlying the invention is, proceeding from 
the above-mentioned loadport FOUP support, to position the 
metrology device independently and separately from any maxi- 
mum weight depending support members of the cluster tool . 
Whereas according to prior art both mechanical positioning 

30 and atmospheric connection or isolation, respectively, are 
achieved by the loadport forming part of the cluster tool, 
according to the invention merely the atmospheric connection 
is primarily achieved by the cluster tool whereas mechanical 
positioning and support are achieved by the metrology device 

35 itself regardless of positioning members eventually existing 
at each present cluster tool . 
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bought from the other suppliers, would be spent to no pur- 
pose. 

Finally, present FOUPs and loadports are standardized and 
5 therefore offer simple connection to stand-alone measuring 
devices . 

For these reasons, wafers to be subjected to a measurement 
are transported to and from the loadport connected to such 
10 measurement device. 

The European Patent Application 00106747.9 not yet published 
discloses a device as described in the first paragraph above. 
A FOUP ordinarily employed for exclusively transporting wa- 

15 fers comprises a sensor for measuring a property of a wafer 
allocated in the FOUP. As the housing of the FOUP preserves 
the mini -environment and the FOUP is easily coupled by its 
coupling region to the cluster tool, the measurement can be 
performed directly at the loadport; the need of transport no 

20 longer arises. 

The loadports themselves, however, must maintain mini- 
environmental atmospheric conditions when a FOUP is docked 
thereto. In no case any leakage between the FOUP and the 
25 loadport may be tolerated. Therefore, a special seal is lo- 
cated between the loadport and the FOUP and surrounds a pas- 
sage for transferring a wafer between the loadport and the 
FOUP. 

30 Effective passage sealing as well as wafer handling require 
exact positioning of the FOUP relative to the loadport. To 
this end, a loadport comprises a table with three pins sup- 
porting the FOUP when it is docked to the sealing of the 
loadport. Exact positioning of the FOUP is granted by the 

35 suppliers of the loadport only to a certain maximum weight of 
the FOUP. In 300 mm production, this maximum weight amounts 
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The transport means of the support preferably form part of 
the support. Preferably, they are rollers. 

According to another preferred embodiment of the invention, 
the support comprises a docking region mechanically dockable 
to the tool. This construction may be developed to form fur- 
ther advantageous embodiments: 

First, the docking region may comprise members for fixing a 
position of the metrology device relative to the tool . These 
members may be mechanically lockable pins. Preferably, both 
the coupling region usually located above as well as the 
docking region of the support located beneath are equipped 
with locking members so that stability of the metrology de- 
vice coupled to the cluster tool is increased in case of un- 
even ground. However, the coupling region primarily serves to 
atmospherically couple the metrology device and the cluster 
tool and isolate them from the surrounding cleanroom atmos- 
phere of minor purity. 

Second, , the docking region preferably may comprise a conduct 
region coupleable to the tool. The conduct region serves to 
supply all media and other sources which are required for 
driving the metrology device. Thereby a plug-and-play per- 
formance of the complete metrology device is granted. Pref- 
erably, the conduct region supplies data transfer, power, 
pressured gas or other media from the tool to the metrology 
device. Furthermore, the conduct region may comprise exhaust 
lines for exhaust transport of gases from the metrology de- 
vice to the tool . 

With view to the function of the coupling region of connect- 
ing the inner atmosphere to the mini -environmental atmos- 
phere, the coupling region preferably comprises a respective 
sealing. However, the cluster tool may have a sealing in- 
stead. Preferably, both the cluster tool and the metrology 
device comprise a respective sealing interacting with one an- 
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Preferably, the self-supporting metrology device is con- 
structed such that the coupling region is located in a height 
appropriate for coupling to the tool. As a consequence, qpaick 
coupling of the metrology device to the tool without the need 
5 of lifting weighty compartments (like FOUPs, according to 
prior art) is achieved. 

According to a preferred embodiment, the support forms part 
of the housing preserving the inner atmosphere. Accordingly, 

10 complete volume of the metrology device can be coupled to 

mini -environmental atmosphere. This saves coupling stations 
as according to this embodiment several semiconductor prod- 
ucts can be measured or various measurements can be performed 
within one single mini -environmental metrology device. Hence, 

15 preferably also the support is constructed to accommodate 
measuring means. 

Preferably, the support comprises means for adapting the po- 
sition of the metrology device to different sizes of tools. 
20 Thereby any particular metrology device can be coupled to 
cluster tool coupling regions of different standard sizes. 

According to a preferred embodiment of the invention, the me- 
trology device is constructed to receive a semiconductor 

2 5 product through an opening of the coupling region in order to 

perform the measurement inside the housing. As a consequence, 
the handling tool of the frontend process module of a cluster 
tool can be utilized for other handling operations during 
measurement. Furthermore, performing the measurement in the 

3 0 housing of the metrology device allows for nearest contact of 

measuring equipment to the semiconductor surface from all di- 
rections. However, alternatively, the metrology device may 
interact with the cluster tool, for instance by means of 
measurement sensors protruding into an opening of the cluster 
35 tool, for performing the measurement. 
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the height of the coupling region of the metrology device ex- 
tending above the loadport table may be variable. 

According to advanced preferred embodiments of the invention, 
5 the metrology device is designed as a cluster device. Pref- 
erably, it is a cluster device comprising measuring means for 
measuring at least two properties of a semiconductor product. 
Alternatively or in addition, the metrology device is a clus- 
ter tool comprising measuring means for measuring properties 
10 of at least two semiconductor products. 

Hereinbelow, the invention is described with reference to the 
accompanying figures. The figures illustrate: 

15 Figure 1 a perspective view of a front side wall of a clus- 
ter tool, the front side comprising three loadports A, B, C, 
loadport A being occupied by a metrolocfy device according to 
the present invention and loadport C being occupied according 
to prior art by a standardised FOUP to be loaded with wafers 

20 and destined for manual transport of the wafers to another 

loadport connected to a prior art stand-alone measuring tool 
not shown. 

Figures 2A and 2B a perspective view of the backside of a me- 
25 trology device according to the invention and a loadport con- 
nected to this metrology device as well as a side view of the 
metrology device and the loadport connected to each other. 

Figure 2C a cross-sectional view of Figure 2B, 

30 

Figure 3 a perspective view of the front side wall of a 
cluster tool comprising two loadports and a third docking 
station other than a loadport, this docking station being oc- 
cupied by a metrology device according to a second embodiment 
35 of the invention. 
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Other in order to. more safely prevent any leakage of mini- 
environmentai atmosphere . 



Preferably, the coupling region and/or the support comprise 
5 elements for vibration damping. Furthermore, the metrology 
device may comprise a table for vibration damping, the table 
preferably consisting of granite or another kind of stone and 
designed to have a great mass. 

10 Preferably, the metrology device is coupleable to a loadport, 
its support preferably having a recess for accommodating a 
loadport table . 

According to these embodiments, a loadport is occupied by 
15 coupling a metrology device according to the invention in- 
stead of an ordinary FOUP* Hence, any loadport may be util- 
ised as a docking station for measurement equipment of any 
weight and size. 

20 Preferably, an upper portion of the metrology device is sup- 
ported in a position preventing contact to contact members of 
the loadport table. Standardised loadport tables comprise 
three pins allocated for FOUP support up to the maximum 
weight allowed. These contact pins are no longer necessary as 

25 according to the invention the metrology device is self- 
supporting. A gap of at least several millimetres is recom- 
mendable between the upper side of the loadport table and 
that portion of the metrology device extending above the 
loadport table in order to prevent unintentional damage of 

3 0 the FOUP support pins when coupling the metrology device to 
the loadport . 

Preferably, the support comprises means for adapting the po- 
sition of the metrology device to different loadport sizes. 
35 Though loadports are standardized, there are different stan- 
dard dimensions preventing unique coupling of one single 
housing lacking any size adaptation facilities. Preferably, 
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pleable to the tool for supplying data transfer, power, pres- 
sure, gas, or other media from the cluster tool to the me- 
trology device or for supporting exhaust gases from the me- 
trology device to the cluster tool. Conduct lines not illus- 
5 trated in Figure 2A extend from the coupling region 15 

through the support 11, 12 to the upper portion 13 or to any 
region within the support 11, 12 forming part of the inner 
atmosphere surrounded by the housing 13 (,12, 11). Data 
transfer or power, however, may be supplied also to a region 
10 external of the housing enclosing the inner atmosphere as in 
case of computing devices not necessarily allocated within a 
mini -environmental atmosphere • 

The coupling region 14 and the docking region 11 comprise 
15 members 14a, 11a for fixing a position of the metrology de- 
vice relative to the tool . Preferably, these members are 
lockable pins intruding to corresponding recesses in front of 
the loadport illustrated in Figure 2B. The loadport 20 com-' 
prises a loadport table 21 extending into the footprint occu- 
20 pied by the metrology device 11, 12, 13. For this reason, the 
support region 12 has less extension in direction perpendicu- 
lar to the drawing plane than the support region 11 and the 
upper device portion 13. Hence, the support region 12 forms a 
recess for accommodating the loadport table 21. 

25 

As there are different standardized loadports and, as a con- 
sequence, different possible heights of loadport tables 21, 
the recess between the regions 13 and 11 extends far below 
the loadport table 21 illustrated in Figure 2C. The coupling 
3 0 region 14 is constructed to comprise a door 16 closing an 
opening surrounded by a sealing 17. The door 16 may be re- 
moved from the opening when the metrology device 11, 12, 13 
is coupled to the loadport 20 of the cluster tool as illus- 
trated in Figures 2B, 2C. 



Figure 2C illustrates the metrology device 10 docked to the 
loadport 20 in cross-sectional view. The support 11 is mov- 



Figures 4A and 4B perspective views of the backside of the 
metrology device according to the other embodiment of the in- 
vention and of a cluster tool wall connected to such a me- 
trology device. 

Figure 5 a perspective view of the other embodiment of the 
invention - 

According to Figure 1, the front side wall 1 of a cluster 
tool comprises three loadports A, B, C. Loadport B is not oc- 
cupied; its opening 2 is closed in order to prevent any leak- 
age of the mini-environmental atmosphere behind. 

Loadport C is occupied according to prior art with a FOUP 4 
schematically illustrated and being supported by the loadport 
table 3 . 

Loadport A is occupied by a metrology device 10 according to 
the present invention. The metrology device is constructed 
comprising a support 11, 12 illustrated in detail in Figure 
2A. 

Figures 2A and 2B illustrate details of the metrology device 
according to the invention in perspective view from behind. 
An upper portion 13 of the metrology device comprises a cou- 
pling region 14 to be coupled to the cluster tool. The sup- 
port of the metrology device comprises a docking region 11 to 
be docked simultaneously with the coupling region 14 to the 
cluster tool. The support further comprises a height adapta- 
tion module 12 dimensioned such that the metrology device is 
self-supporting in a position appropriate for quick coupling 
of the coupling region 14 to the cluster tool. The housing 
preserving an inner atmosphere which is the mini- 
environmental atmosphere when connected to the cluster tool 
may con^rise the upper portion 13 only or the complete hous- 
ing of the metrology device including the support 11, 12. In 
any case, the support 11 comprises a conduct region 15 cou- 
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trology device in perspective view from behind. However^ the 
coupling region A comprises a closeable opening similar to 
those openings 2 of the loadports B and C. 

5 Figures 4A and 4B illustrate the coupling region 14 of the 
housing 13 preserving the inner atmosphere of the metrology 
device 10. In Figure 4B, the coupling region 14 is coupled to 
the wall 30 of the process module. The front-end process mod- 
ule usually serves for wafer handling^ prealignment , and wa- 

10 fer identification and is located at the front of the cluster 
tool. The front side of the front-end process module usually 
comprises loadports. The metrology device may be coupled to a 
front side wall at a location A not comprising a loadport as 
illustrated in Figure 3. However, alternatively, the wall 30 

15 in Figure 4B can also be a right-hand or left-hand side wall 
of a frontend process module. As apparent from Figure 3, the 
wall 30 comprises a closeable opening 7, However, it is not 
possible to couple a FOUP to this opening as there is no sup- 
port like a loadport table at this wall 30. Instead, the 

20 opening 7 is coupled with the coupling region 14 illustrated 
in Figure 4A such that the opening 7 of the cluster tool and 
the opening 16 of the metrology device 10 are located in op- 
position to each other. The sealing 17 surrounds the passage 
between both openings and thereby allows for coupling of the 

25 mini -environmental atmosphere of the cluster tool and the in- 
ner atmosphere of the metrology device by isolating the pas- 
sage between these openings from the atmosphere surrounding 
both the metrology device and the cluster tool when these are 
combined with each other as illustrated in Figure 4B. The 

30 coupling region 14 of the metrology device 13 comprises four 
lockable pins 14a protruding into the wall 30 of the cluster 
tool in Figure 4B. However, the metrology device is self- 
supporting so that the pins 14a do not carry the metrology 
device . 

35 

Figure 5 illustrates the metrology device in front-side per- 
spective view. It is supported by rollers 18 and comprising 
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able on a ground not illustrated by transport means which in 
simplest case may be rollers 18. The upper portion 13 of the 
metrology device 10 as well as its support 11, 12 accommodate 
measuring means 19 for measuring a property of a semiconduc- 
5 tor product • Compared to the FOUP 4 docked at loadport C in 
Figure 1 and schematically drawn larger than in reality, the 
metrology device 10 according to the invention as illustrated 
in Figure 2C may accommodate and couple metrology means 19 of 
unlimited size and weight to the loadport 20 of a cluster 

10 tool. Whereas the loadport 20 is destined for coupling a FOUP 
for wafer loading and unloading for the puirpose of transport 
and, as a consequence, the pins 22 in Figure 2C only serve as 
FOUP support members according to prior art, they are not em- 
ployed when coupling the metrology device 10 according to the 

15 present invention to the loadport 20. For this reason, the 
upper portion 13 of the metrology device is supported in a 
position preventing contact to these contact members 22 of 
the loadport table 21. The metrology device illustrated in 
Figure 2C may comprise several measuring means 19 for measur- 

2 0 ing properties of several semiconductor products and/or for 
measuring several properties of one or more semiconductor 
products 5. Hence, a cluster metrology device directly cou- 
pled to a cluster tool eliminates the need of manual trans- 
port of wafers 5 in FOUPs . Hence, intermediate measurement 

2 5 between two process steps at the same cluster tool does not 
delay subsequent process steps - 

Figures 3 to 5 illustrate another embodiment of the inven- 
tion. Figure 5 illustrates a metrology device coupleable to a 

30 front-end process module illustrated in Figure 3. The fron- 

tend process module in Figure 3 comprises two loadports B and 
C which are not occupied. In region A of the frontend process 
module 1, the metrology device 10 according to the second em- 
bodiment of the invention is coupled with the frontend proc- 

35 ' ess module. Details of the front of the process module 1 and 
of the backside of the metrology device 10 are not visible in 
Figure 5 as they are illustrated in Figure 4 showing the me- 
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the housing 13 enclosing a mini -environmental atmosphere in 
an upper part of the metrology device supported by the table 
23 for vibration damping. Beneath this table, the support 11, 

12 accommodates additional measuring means 19 not necessarily 
5 enclosed by mini -environmental atmosphere. However, there may 

be conduct lines in the support 11, 12 supplying the housing 

13 with media from the media connector block 15 shown in Fig- 
ure 4A from the cluster tool . As the rear panel 14 may cover 
the whole back wall of the metrology device, the position of 

10 the docking region 15 in Figure 4A is only exemplary. 

According to the present invention, any measuring means may 
be coupled to a cluster tool. Furthermore, means for wafer 
transfer, xy-rotation wafer stages, wafer identification, and 

15 sensor movement may be integrated in the metrology module. 

Measuring means preferably accommodated in the support of the 
metrology device are standard frames, electronics, personal . 
computers, etc. The support may comprise a transport module 
11 with rollers or adjustable feet with vibration dampers as 

20 transport means 18. Further embodiments of the invention will 
be apparent to those familiar with the state of the art. 
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the supporting comprises means (11) for adapting the position 
of the metrology device (13) to different sizes of tools (1, 
20) . 

5 6 . Metrology device according to one of claims 1-5 
characterized in that 

the metrology device (10) is constructed to receive a semi- 
conductor product (5) through an opening (16) of the coupling 
region (14) in order to perform the measurement inside the 
10 housing (13) . 

7 . Metrology device according to one of claims 1-6 
characterized in that 

the transport means (18) of the support are rollers (18) . 

15 

8 . Metrology device according to one of claims 1-7 
characterized in that 

the support comprises a docking region (15) mechanically 
dockable to the tool (1) , 

20 

9. Metrology device according to claim 8 
characterized in that 

the coupling region (14). and/or the docking region (11) com- 
prise members (16) for fixing a position of the metrology de- 
25 vice relative to the tool. 

10. Metrology device according to one of claims 8 or 9 
characterized in that 

the docking region (11) comprises a conduct region (15) cou- 
3 0 pleable to the tool (1) . 

11. Metrology device according to claim 10 
characterized in that 

the conduct region (15) supplies data transfer, power, pres- 
35 sured gas or other media from the tool (1) to the metrology 
device (10) . 
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1. Metrology device (10) to be coupled to a semiconductor 
product handling and/or processing tool (1) enclosing a mini- 

5 environmental atmosphere^ the metrology device comprising 

- a housing (13) preserving an inner atmosphere, 

- a coupling region (14) for connecting the inner atmosphere 
to the mini -environmental atmosphere and 

- measuring means (19)' for measuring a property of a semicon- 
10 due tor product, 

characterized in that 

the metrology device is constructed comprising a support (11, 
12) which is movable on a ground by transport means (18) and 
which is dimensioned such that the metrology device is self- 
15 supporting in a position appropriate for quick coupling of 
the coupling region (14) to the tool (1) . 

2 . Metrology device according to claim 1 
characterized in that 

2 0 the self-supporting metrology device is constructed such that 
the coupling region (14) is located in a height appropriate 
for coupling to the tool (1) . 

3 . Metrology device according to one of claims 1 or 2 
25 characterized in that 

the support forms part of the housing (11, 12, 13) preserving 
the inner atmosphere . 

4 . Metrology device according to one of claims 1 to 3 
30 characterized in that 

the support (12) is constructed to accomodate measuring means 
(19) . 

5 . Metrology device according to one of claims 1 to 4 
35 characterized in that 
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Abstract 

Self-supporting adaptable metrology device 

5 The invention refers to a metrology device (10) to be coupled 
to a semiconductor product handling and/or processing tool 
(1) enclosing a mini -environmental atmosphere, the metrology 
device comprising a housing (13) preserving an inner atmos- 
phere, a coupling region (14) for connecting the inner atmos- 

10 phere to the mini -environmental atmosphere and measuring 
means (19) for measuring the property of a semiconductor 
product. According to the invention, the metrology device is 
constructed comprising a support (11, 12) which is movable on 
the ground by transport means (18) and which is dimensioned 

15 such that the metrology device is self-supporting in a posi- 
tion appropriate for quick coupling of the coupling region 
(14) of the tool (1) . The invention allows for quick opera- 
tional mini -environmental coupling of measurement means of 
any size and weight to a loadport or other closeable opening 

20 of a cluster tool. As a consequence, semiconductor wafers 

need no longer be transported in FOUPs from one loadport to 
another for intermediate measurement between two process 
steps at the same cluster tool. By the present invention, the 
lack of integration of measuring equipment to processing 

25 equipment characterising semiconductor industry by reasons of 
high integration efforts and costs is overcome. 
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characterized in that 

the metrology device is a cluster device comprising measuring 
means (19) for measuring at least two properties of a semi- 
conductor product . 

5 

20. Metrology device according to one of claims 1-19 
characterized in that 

the metrology device is a cluster device comprising measuring 
means (19) for measuring properties of at least two seraicon- 
10 ductor products. 
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12. Metrology device according to one of claims 1-11 
characterized in that 

the coupling region (14) comprises a sealing (17) surrounding 
an opening. 

5 

13 . Metrology device according to one of claims 1-12 
characterized in that 

the coupling region and/or the support comprise elements (11/ 
14) for vibration damping. 

10 

14 . Metrology device according to one of claims 1-13 
characterized in that 

the metrology device comprises a table (23) for vibration 
damping . 

15 

15. Metrology device according to one of claims 1-14 
characterized in that 

the metrology device is couplable to a loadport (20, 21) . 

20 16- Metrology device according to claim 15 
characterized in that 

the support of the metrology device has a recess for accomo- 
dating a loadport table (21) . 

25 17. Metrology device according to claim 16 
characterized in that 

an upper portion (13) of the metrology device is supported in 
a position preventing contact to contact members (22) of the 
loadport table (21) . 

30 

18. Metrology device according to one of claims 15 - 17 
characterized in that 

the support (11, 12) comprises means (11) for adapting the 
position of the metrology device (10) to different loadport 
35 sizes. 

19. Metrology device according to one of claims 1-18 
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